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ABSTRACT

This report describes the continuation of work started earlier to find ways of

quantifying the military value of training. The earlier work used a large-scale simulation

model of warfare to examine the potential effects of assumed force improvements imputed

to training on the outcome of a postulated war in Europe. The work described in this report

*: •gathered some of the available data showing the effects of training on force effecdveness,

and it estimated the cost of the training, in the areas of platoon-size armored combat and
bombing accuracy by tactical attack aircraft. These results were compared with the results

of analyses describing the effects of equipment improvement in the same areas of unit

combat. The repott shows the size of the effects in each case, and it evaluates the relative

contributions of training and hardware advances to improvement of force effectiveness,

and the relative costs of the two approaches. Conclusions are reached about preferred

approaches to such evaluations, and desirable future elaborations of the research are

outlined.
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EXECUTIVE SUMMARY

- This report is the second in a series designed to explore and, if possible, quantify

the military value of unit training. The first report (Deitchman, 1988) used a warfare

simulation model to examine what would happen to the outcome of a war if unit training

could lead to various assumed increases in the capability of armored ground forces and

0 tactical air attack forces to destroy the enemy and to survive themselves. It was found that

factors-of-two improvements in parameters considered relevant to training could reverse the

course of a war in Central Europe, as portrayed by the model. Central, unanswered

questions inherent in this approach were whether the assumed factors of improvement due

*• to training could be achieved, how their achievement could be quantified, and whether the

costs to achieve them could be estimated. If they could, then it would be possible to trade

off training costs against tihe costs of new hardware to achieve similar results, and spend

resources at the margin in the most effective way.

• This report explores some of these critical questions. Specifically, it examines a

sample of available data from various sources, on tank warfare at platoon level and on

tactical bombing at squadron level, to see whether and how the data might answer the

following two questions:
0 1 . Can realistic, quantitative values for unit training effectiveness be determined,

to lend credibility to model-based calculation of the military value of training
expenditures; and

2. Is it feasible to trade off expenditures for training against those for hardware to
• improve force capability?

A subsidiary question was to compare results from training exercises with the

SIMNET network of armored vehicle simulators with results from field exercises, both

simulating units in armored combat. This would shed some light on what could be learned

* from both approaches in controlled unit training experiments, and on the relative costs of

the two.

The results of the explorations are summarized in the table on the next page. Their

sigrdficance for the larger questions considered is explored in detail in Chapter IV.
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Table S-1. Overall Summary of Training/Equipment Comparisons

WARFARE COMPARISON RESULTS
AREA____ MADE____ EFFECTIVENESS COST REMARKS

Armored Fiamdtrahning - Improvemenlt TN-w; *e SIMINET exeraise
csigmbatinIs MO Inlid field training statistics loo meager toco ba tnsit est quvocal, exeris On giv credible trend Inby SIMNET exercise depeands onl $Pacific about 30 *Unias Q xchang ratio

Platoon- using wti tankst, conditlorm and units rncha 3..ee - Field last platcon
sized in ftiee-week operatrng SIMNETexerclse; had combined arms
forces exercisem for bWnon~te:sMt facility augmentation;

each (1) - fes mrvd costs not Included SIMNET Platoon, all
moraIf deforme in because Imbedded tanks; different

sinhdlaor left, With in Army training organization affected
single unit operatin facilites budget retlativ outcomes

Field training -35% overall - $2-8 millon We . Field training With
using PA-60 tanks Improvemrent platoon for tank combined ams platoon;
with A-GO upgrade In Blue ovo t ver am upgrade hardware analysis with
from Al to A3 3-week ft"ann period - $2.25 million for an tank piatoo
model (2) -20% Improvement traning it one.tf: - ANl dollars are 10-year

In Muetfavor with $9 mllomnif4 cot
hardware upgraeo timeslyr

Tactical A-10 and F-16 Accuracy Increases $650 million f1X -Simillar results and
bombing squadro by atr of 1 .8 whe sudoflgt cots o bt aircaf

Iimproveriietit flight hour incease, over 1S Yrs. - Accuracy overaff
by fighter- with mor" froni 10 to 401month, Including Gqdn depends 50% on caree
bomber flying hours (3) for pilot. WIift-140O fixed base costs; fit twa, 40% on cureent fit

aircraft career__ firs. -$130 MA If not kid his
A-0 with F-16, * Accuracy Increases -$W00 million for - Comparison is for
squadron re- by factor of 2, reqard- squadron "/ day-visual dive bombing;
equipment (4) Iewo of flight hours upgrade, 15-yr F-1S Is mullirole AiC,

cost A-10 isnot

A-7 with FIA-18 FIA 18 accuracy - $17 millon/sqdn - A-' avionics oot and
bombing 15% - 75% better If F/A-IS bombing training upgrade are
acua (5) thani A-7. acoess systo cni01 be one-time costs; change

wide range Of bombin retrofit to A-7 of AtC Is 15-yr cost
parmetrs* $27 mllllon/sqdn - Not known whether.A-7 pilots would for upgrade by A-7 upgrade to F/A-1 8

requhe 1125 mor 1125 caree hts bombing sytam would
career hoursto per plot be losublecr load to
achieve 76% L "U8 _ $480 mllhloeqdn same reults
accuracy improDveernt to change fromr
(Ighen estimate) A-7 to F/A- IS

SOURCES:
1. ARI, 1975; 88N, 19609 for effectiveneiss; IDA- dovalepe data (fromn Army Forces Commnand) for comts
2. ARI, 1978; Gxawos, 1974 for elledlveneas; Graves, 1074 and IDA- develped data f* costs
3. Cedel and Fuchs, 1068 for offectivones IDA, deveklopd data for ot
4. Cadel and Fuchsa, 1968 for effmctiwnessi 104r developed data for tost
5. Mairs, 1%85; JMEM for efet~veness: IDA- deveokqed data for costs4
6, Unclasified cost data: for hardwsanoJDA-devoloWe from 050 sources; training cost data furnished by U.S. Army Forces Command
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The following conclusions have bean drawn from this work about qcantifying the

* military value of training for system acquisition and resource allocation decision purposes:

1. It appears to be possible to quantify the military value of training, but data for
the purpose will best be gathered through explicitly designed trials. However,
resource availability will dictate that ad hoc oppommities to take advantage of
existing data should not be foregone.

2. The cases explored suggest that either training or equipment improvement for
specific military tasks improve force effectiveness by roughly comparable
magnitudes. Depending on the cost elements included, training or equipment
improvement may be either comparable in cost or else training tends to cost

* less--sometimes considerably less. (Other cases than those examined here may
show a different balance.)

3. Elements of training and equipment improvement and replacement will have to
be combined to have any chance of achieving the improvement in unit
capability that the explorations with the TACWAR model indicated would be
necessary to reverse the course of the NATO Central Region war modeled.
Factors of two improvements in such skills as killing tanks, bombing targets
and survival were required in the model. The actual achievements that were
found in the available data and analyses, due either to training or hardware

* improvement, ranged from 20 percent to 35 percent for armored combat, and
from 15 percent to 100 percent in bombing accuracy.

4. Some of the data suggest that more automatic modes in new systems may
reduce the requirement for individual proficiency training, freeing resources for
more unit training.

5. Experimental data about the impact of training on unit effectiveness gathered
under controlled conditions in simulator networks like SIMNET will be useful
in quantifying the military value of training, and they will be better controlled
and less expensive than field exercises.

_ 6. Regardless of how the cost and performance comparisons may vary when
explored in more detail, it is apparent from the magnitudes of the costs and
effects that algorithms for allocation of resources among training, equipment
improvement and force size must be devised to seek the most efficient
resource allocation among the available approaches to force improvement.
Such algorithms are not currently used in cost-effectiveness analyses of new
systems.

These results must be taken as suggestive rather than conclusive, because none of

the data were generated for purposes such as those of this report. Therefore, in none of the

comparisons is any one case exactly comparable to any other, nor are the bases of

S-3
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comparison-the conditions under which the performance and cost data were generted, the

experimental or analytic designs, the environments, the scenarios, or the purposes for
which the data were generated-the same for any two sets of data cr analytical results. And

yet, each comparison overlaps with at least one of the others, so that there is some check on

the size and dire;tion of each of the answers via redundancy, within the boundaries

permitted by the daLta.

Thus, the results do lead to new insights about the analytic process being explored,

they shed some light on the answers to the research questions examined, and they are

encouraging in confirming future directions for inquiry.

It is recommended that future work continue in the same combat areas (small-unit

armored combat and tactical air attack of ground targets), because of their importance and

the potential availability of data. The next steps should include:

A much more thorough data exploration (a) to define better the nature of the
experimental data available, and (b) to see what more can be learned about the
effects of exercises and training on unit performance;

" Enlisting the Services' interest and help in designing and carrying out relevant
trials at SIMNET and available, analogous USAF and USN simulator
complexes, to shed light on some of the important issues the present work has
raised.

" Exploring whether and how exercise and simulation data gathered at low levels
of military organization, such as platoon or flight levels, aggregate to describe
performance of units at higher levels of organization, such as battalion or
squadron, or higher, levels.

" Using the data gathered above to devise resource allocation algorithms
incorporating both training and equipment effectveness parameters.

" Experimenting with the algorithms using wa, -are simulation models such as
are used by the DoD for budget planning and evaluation purposes, to explore
the algorithms' ranges of utility and how they might affect resource allocation
in the Department of Defense. The results should be subjected to military
judgment, to ascertain whether the aggregation from organization levels such
as platoons and battalions to divisions and armies appears to give reasonable
results.

S-4



.INTRODUCTION

Both training and hardware can be subjected to the same evaluation criteria in

budget planning: increased capability for the money spent, or, in the usual measurement
terms for defense planning, criteria of cost-effectiveness. Subjcting them to evaluation by

such criteria is essentially the same as assigning a "military value" to each, training or
hardware. The most direct way to assess the military value of training or hardware after a

given expenditure is through observation and measurement of performance in combat.
This carries sometimes high risks, and is not always possible. Therefore, many surrogates

have been developed for the purpose.

* The evaluation techniques for training and for hardware differ greatly. There are

well-known analytical, simulation, and field testing techniques in the hardware area to
ascertain some measures of military value. These techniques are not always completely
valid or applicable, but they have been developed over a period of decades and defense

-*_ @planners tend to have confidence in them, bred of familiarity. In the training area, the
military value of training can best be assessed using unit rather than individual

performance, even though unit performance starts with individual performance; forces
operate in units most of the time. Unit performance assessment depends on measurement

* before, during, and after training. Whether the results of such assessment derive from
combat or from field exercises and related activities, there is extensive qualitative military

judgment about the effects of training on unit proficiency, most of it positive. But there is

little quantitative data to shed light on the effectiveness of training in a way that would
* permit assessments of military value of training with the same degree of confidence

accorded to such assessments in the hardware area.

This is the second report about a series of explorations intended to find ways to
quantify the military value of unit training in a form useful for decisions about expenditure

* of resources. The first report dealt with the question of what the military value of unit

training might be if the training resulted in certain assumed levels of improved force
proficiency. To examine that question a large-scale simulation model of land/air warfare
was used. Values of key weapon system performpnce par-ameters wer, changed arbitrarily

* to simulate changes in capability that might be attributed to unit training, and the question

I-I

-0



was asked whether those changes would make any difference in the outcome of a war. The

answer was that they would, but that the degree to-which the assumed parameter changes
reflected the actual effects of training remained to be determined.

Specifically, the IDA TACWAR model was used to describe the outcome of a
postulated war between NATO and Warsaw Pact (WP) forces in the NATO Central
Region. The TACWAR model is a computer simulation of theat-level warfa-e, adapted to

NATO Central Region defense (but not exclusively). It has separate corps sectors,
includes ground and air warfare with combined arms, and portrays rear area as well as
front line operations (Kerlin, 1977).

In the base case, which represented the NATO and WP forces and their capabilities
as they might be in the early 1990s without any arms control agreements, the NATO forces
lost the war by a significant margin, as measured by the average westward movement of
the forward edge of the battle area (FEBA). Many parameter changes assumed to represent
the effects of unit training were explored. Of specific interest in this report, if it were
assumed that NATO's armored forces, through training, could double their ability to
destroy enemy armor and to keep from being destroyed themselves, or that NATO's air-to-
ground tactical air forces could double their ability to destroy enemy targets on the ground
and to keep from being shot down by opposing air defenses (i.e., a factor of four
improvement in overall capability, in each case), then either of those improvements in
(armor or tactical air) performance would be enough to reverse the course of the war as
described by the TACWAR model. In the armor case it was enough to increase target
killing capability, attack aviation required both improved target killing capability and ability
to evade air defenses.

It was shown that the details of the differences between the armor and tactical air
outcomes were attributable to differences in how the model treated the systems in its
system and force interaction algorithms. More fundamentally, the question was raised of
whether the parameter changes assumed to represent the effects of improved training could
actually occur. If actual parameter values describing training effects on force capability can

be determined, these values could be used in evaluation models like TACWAR, or others
of the many available, to assess the impact of training expenditures on the outcomes of

battles or wars, and to compare the value of expenditures at the margin for training or for

new hardware acquisition for improving force capability.

1-2
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The further explorations described in this report consisted of:

1. Examining the literature for prior results of training exercises in the two areas
noted above-armored warfare and ground attack by tactical aircraft, which
were chosen because they seemed to offer the most readily available sources
of data on the effects of training and equipment improvement

2. Examining the results of the training exercises in the DARPA-sponsored
* SIMNET armored warfare training network of manned tank simulators at Fort

Knox, Kentucky;

3. Comparing the effectiveness improvements resulting from the training
exercises with those from improved hardware, using sources reflecting

* reasonable estimates of the gains that could be expected from the hardware;

4. Estimating costs for the training levels that led to the effectiveness changes
experienced and the costs of the hardware changes examined;

5. Comparing the costs and effectiveness of the various approaches to improving
* •unit effectiveness.

1-3
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IL RESEARCH QUESTIONS, APPROACH AND
DATA SOURCES

A. RESEARCH QUESTIONS

Two primary questions were examined in this part of what is intended to be a
continuing series of studies:

1. Can realistic, quantitative values for unit training effectiveness be determined
that would lend credibility to model-based calculation of the military value of
training expenditures; and

2. Is it feasible to trade off expenditures for training against those for hardware
designed to achieve similar effects in combat, ie., to improve force capability?

The exploration of these questions in this study was designed mainly to test the
feasibility of finding or generating data to shed light on thore, and to test whether these

* apparently straightforward research questions were in fact amenable to quantitative analytic
treatment. For such a purpose, already existing data were sought, since without the "proof
of principle," as it were, there would be slim justification for more elaborate and expensive
experimental gathering of new data. Given success in this preliminary phase, a more
detailed and rigorous data-gathering phase could be planned.

Observation of the change in unit performance before and after appropriate training

and subsequent combat is associated with wartime operations that do not lend themselves to
rigorous a n or gathering of er-m.-irnental-quality data. Although the opinions of

* • experienced commanders could he sought (as was recommended in Deitchman, 1988),
such data would be qualitative rathe d=n quantitative. Qualitative inputs will, in the long
run, be necessary to confirm the "reasonableness" of quantitative data gathered under other
than real battle conditions, but it would be analytically more appealing to have a solid

_ •quantitative base from which such qualitative judgments could start.

Other means for gather:-* the appropriate data would include field measurement of
unit performance in two-sided exercises and manned laboratory simulations of combat.
Both techniques have been developed over recent years to tL -. point where each proviues

• useful quantitative data on unit perfo=uce.

I~l-



Exercise data are now being gathered at training ranges such as the National
Training Center armored warfare training ground. This was preceded historically by

training exercises in the field, such as those called called REALTRAIN in Europe, some of

the results of which were available for analysis here. The NTC gathers data in mock

combat using actual equipment through the Multiple Integrated Laser Evaluation System
(MILES) and a position reporting system for individual vehicles, which together measure
who shot at and hit which target, so that casualties can be measured together with

observation of the positional outcome of the mock combat. The Air Force conducts such

activities as close air support in operations called Red Flag, in the Nevada desert. The

SIMNET developed by DARPA and the Army, a network of manned training simulators at
Fort Knox, Kentucky and elsewhere (Orlansky and Thorpe, in publication), offers a way

to observe troop performance in simulated training conditions including armor, artillery and

close air support, and to have a start-to-finish record of all the events in a unit engagement,
at significantly lower cost than field exercises and in circumstances where the engagement

parameters can be better controlled than in the field.

Each of these techniques varies different parameters of the training process and unit

performance, and allows gathering of different kinds of data that explore diverse aspects of
the exercises. But the measurements do overlap. Thus, a subordinate research question

is:

3. To explore the correspondence between the results of field training and the
manned simulator network, to examine how each illuminates the first two
questions.

B. OVERVIEW OF COMPARISONS

Table I on the following page summarizes the comparisons made. Specific

passages have been underlined for emphasis to remind the reader of the research questions

for which answers were being sought.

The subsequent sections of this chapter will discuss further details of the data

sources and the way they were used in making the comparisons shown.
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Table 1. Comparisons Among Training, Simulation and Hardware That Were
Made During This Analysis

PURPOSE OF COMPARISON WHAT WAS COMPARED

ornJr field test with simulation in REALTRAIN field training with
* describing armored warfare training SIMNET NIS exercise, both at platoon level

effects

" Assess 'm~vements achievable • REALTRAIN, MS, and
In t=nk W on comDGat btl M-60.A1/M-60A3 comparative evaluation

• through training or equipment
improvement

"Assess relatve Ma-felyvness gf a REALTRAJN field training with
tn nd re=eant s hrdreM-60A1/M-60A3 comparative
- u in tanks, in terms of unit evaluation
combat performance at platoon level

" Assess IMgrZmntg ahle in * A-7 training results and A-7I/FIA-18
bombing accurav due to training bombing system accuracies
or relevant equipment improvement

-* and" Assess reltiv cost-effectvness, of

trwrdog ad W=A-10 and F-16 training results
-- went on atack aircraft

_bortf accuracy (Both apply to both questions)

Ascertain effect of automatic machinery M-1 tank crew selection and performance
on extent of training needed tests, and FIA-18 and AV-88 bombing
(serendipitous result) data
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C. IMPROVEMENTS IN ARMORED UNIT CAPABILITY DUE TO
TRAINING

Two sets of data were used to shed light on the questions associated with unit

training in armored warfare. The first resulted from a 1975 field exercise in Europe

designed for U.S. Army platoon level armored unit training, called REALTRAIN (ARI,
1976). This was described in the reference as the first realistic, unit-on-unit training
exercise in a variety of terrains and tactical situations, as distinct from gunnery training and

similar range training to sharpen individual skills. The combat units consisted of tank
platoons, each reinforced by a TOW (heavy, vehicle-mounted antitank weapon) section and
two infantry squads in armored personnel carriers (APCs). The reference does not give the
exact numbers of individual systems; they are presumed to be 4 to 5 tanks, two TOW
launchers; and two Ml 13 APCs with 24 infantry soldiers (the numbers of infantry were
given). From the date of the exercise, the tanks are assumed to be M-6OAls. Offense,

defense and meeting engagements in varying terrain were part of the exercise for platoons
opposing each other. The progression of platoon capability with time as the training
exercise continued for its three week duration was of interest in the current context.

The combat simulation results from SIMNET were also at platoon level, taken over

a three-week period (Headquarters, Department of the Army, 1988). They consisted of a
series of tests, conducted in the summer of 1988, involving five manned tank simulators (a
4-tank platoon and a company commander), in a series of engagements with a comparably-

sized threat involving tanks and BMPs (Soviet armored infantry fighting vehicles)
operating in a semiautomated mode (i.e., they could be maneuvered by an "authority"
outside the simulation, and they could fire when appropriate relationships to opposing
targets obtained, but they were not represented by manned simulators on the "battlefield").
Artillery effects were also simulated. The Blue tanks simulated in this case were M- I tanks
with "Block 11" equipment. The Block II equipment included an improved navigation
system, improved night vision system, and an Intervehicular Information System (IVIS)

from which the test series took its name.

The IVIS data were, as will be shown later, similar in character to the REALTRAIN

data. The analysis was limited to observation of trends in the Blue platoon performance
over the three-week test series with the Block II equipment; the base case (no Block H1
equipment) and three equipment familiarization sessions were deleted. Thus, even though
the tests were conducted for a different purpose than training (evaluating the effects of the
"dnew" equipment on unit performance) any trends in unit performance with time using the
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same equipment could be taken as a first approximation to the effects of learning, and they
were therefore considered to be analogous to the results of an exercise conducted as though
it were for training. Offensive and defensive exercises in a specific terrain area were n;n

there was no exact parallel to the meeting engagements of REALTRAIN.

The REALTRAIN and IVIS results were compared with each other to see how
* closely the results might correspond, and to assess the cost differences for two exercises of

roughly the same size, one in the field and one using the simulator network. The
REALTRAIN exercise results, which were based on unit performance using the M-60
tank, were compared with modeled effects of equipment changes in the M-60 tank

* (described below) to assess the relative effects of training and equipment in a restricted set
of armored warfare situations.

D. IMPROVEMENTS IN ATTACK AIRCRAFT ACCURACY DUE TO
TRAINING

Although bombing practice is a regular part of attack pilot training, data describing
the eff'cts of unit level training on bombing accuracy are not extremely plentiful. Two
references provided useful data in this area: a 1986 analysis of training and experience on
the bombing accuracy performance of Navy pilots flying A-7E aircraft (Mairs, et al.,

1986), and a 1986 USAF report analyzing similar performance data for A-10 and F-16

squadrons (Cedel and Fuchs, 1986).

The A-7 report provides a statistical analysis of the bombing accuracy of individual

*5 pilots in A-7 squadrons (but not squadron performance) as a function of career flight hours
and career jet hours. The USAF report describes patterns of squadron average miss

distance,1 as a function of both career flight hours and of recent flight training activity. It
also presents a model derived from the data permitting separation of the effects of long term

* and recent experience. A further analysis by Haniwon and Horowitz of IDA clarifies the

distinction (Hammon and Horowitz, 1989). Hammon and Horowitz also show some data
that bear on day-visual bombing performance with the F/A-18 and AV-SB aircraft in the
manual and the automatic modes, relevant to the effects of flying hours on bombing

* performance. It should be noted that no data were included in the available references
indicating how much bombing practice was included in the career hours. A related analysis

SSquadrt average miss dm= is haid but ax uiiai to Circulhr Ent Prohbleb CEP, ft r*is of
* the circle within which half of the bombs would drop; the reference does not indicate the exact

relationship that was use&
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of skill acquisition cures (Lane, 1986) suggests that it may be reasonable to assume that
bombing accuracy will improve togedt with all other skill irovements, at lam to some

possibly asymptotic level, as career flying hours increase.

The A-7 data were used to compare the effects on bombing accmracy of trining in

the A-7 and of improving the bombing system frm the level of the A-7 to that of the F/A-
18 airca The USAF report on the A-10 and F-16 contains enough comparative data to

permit separation of the effects of equipment improvement from those of training with
some confidence, and this report was elso used in the tr'ining/eqipment comparisoM.

E. EFFECTS OF AUTOMATIC EQUIPMENT ON TRAINING

REQUIREMENTS

An Army report on variation of traini;ig effectiveness with soldiers' grades on
mental capability tests (U.S. Military Academy, 1984) sheds some light on the effect of

automatic equipment in tanks on training requirements for specific levels of proficiency.
Together with the aircraft data comparing manual with automatic bombing, noted above,

these data bear on the variation of training requirements with sophistication levels of

equipment technology-the data are skimpy, but of sufficient interest and relevance to

contribute to the results in this report.

F. EFFECT OF EQUIPMENT IMPROVEMENT ON UNIT

PERFORMANCE

Analytical data describing effectiveness changes with equipment changes in tanks

and aircraft were sought, to enable comparisons of equipment-improvement and training

effects.

Analyses of equipment improvements tend to be classified when they deal with the

detailed specifications of the equipment and its performance under specified conditions. In

order to keep this report unclassified, the effects of equipment changes are described in
terms of percentage changes and broad performance boundaries, rather than specific values

of performance parameters or the case-by-case results of model analyses. Since, as noted

above, the equipment analyses tend to describe what are actually stochastic phenomena in
deterministic terms, and since the training outputs are described in stochastic terms, it is

believed that not much in the way of useful comparison is lost by the necessary "masking"

of the etil" of thequzzpmew analyses.
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For the tanks, a 1974 IDA analysis of main battle tanks showed the calculated effect

of improving the M-60 tank from the Al to the A3 configuration (Graves, et al., 1974).

The most mpnat hardware changes, from the point of view of crew Proficiency, were an
improved fire control computer and a stabilized main gun (e.g., the effects of improved
armor or ammunition, if they were part of the tank improvement, would not be related to

crew proficiency in any direct way). The output measures of the Tank Exchange Model

used in the analysis employed both offense and defense scenarios in a variety of terrains in

platoon-sized engagements, and thus could be compared with the REALTRAIN output

measures.

*- It For the attack aircraft, two sources provided descriptions of bombing accuracy with

different bombing system generations. One provided a comparison of the A-7 with the

F/A- 18 aircraft-both single-seat attack bombers that could attack in the same modes with

different capability (JMEM). The other was the same USAF report cited in the training

*t case, above (Cedel and Fuchs, 1986); it also showed extensive data describing the

difference in bombing accuracy with the A-10 and F-16 aircraft for the entire range of pilot

lifetime flight hours that the report covered in is detailed analyses.

G. COSTS

Although costs were obtained from a variety of sources they were kept comparable

in specific parts of the analysis.2

For field training in armored warfare, data describing the costs of an average

brigade-sized exercise at the NTC were scaled down proportionately to describe the costs

of exercises involving a unit the size of the reinfomcd platoon in REALTRAIN. The major

available costs of the field exercises at NTC included those involved in bringing the units'

personnel and equipment to the test range and the cost of operating the units there. Troop

pay and allowances were not included, based on the rationale that the troops are paid

whether they are involved in formal training or not. The average cost for a three-week,

brigade-size exercise at NTC, involving about 4400 men, about 900 vehicles and 46

helicopters is about $5 million. The range support costs are imbedded in larger Army
0

2 Data on the costs of the A-7 and F/A-18 bombing systems, on airtzrft flight hour costs, and on the
costs of NTC xrcse were msembled by J. Stahl of IDA. The training costs were furnished by the
B3, Mpag- Office, Dcwmet of fth A.my. Headquarr Forces Comnmand. Lif cycle

* cosa for the variou aircrft had been aussmbled for the author by M. Olver of IDA for a -= analysi
and were used in the pnt case.
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training facilities line items and could not be separated out for this analysis. They were

therefore not included in the per-person cost of the exercise.

The costs of the platoon-level REALTRAIN exercise were taken as 4-1/2 percent of
the cost of an average brigade-size exercise at NTC, because about 4-1/2 percent of the

numbers of troops and vehicles were estimated to be involved. This estimate is crude, but
there was no information available as to the nature of the REALTRAIN test range in Europe 0
or its cost structur. The bulk of the NTC exercise costs are in transportation, and although

distances are shorter in Europe, the bulk of the transportation costs are involved in loading

and unloading at the terminals. The major problem is that the allocated costs of range

operation for a small unit are also not known. -

The cost of running the SIMNET exercise was taken as the same as the cost of
transporting personnel, only, to an NTC exercise, per nuIitary person involved, also

excluding pay and allowances. The estimated numbers of people were taken as about the

same as the estimated numbers of REALTRAIN tank crew members per team, about 30 0

people. As in the case of the NTC range, the cost of operating the SIMNET facility, itself,
is imbedded in other Army line items and could not be identified for this analysis.
Therefore, the SIMNET operating cost was not included in the cost of the IVIS exercise.

Failure to include range and facility operating costs in the cost of the training

exercises is consistent between the two kinds of training exercise included in the analysis,

but it must be remembered that the omission could distort any cost comparisons with
hardware by some uncertain amounts. True training costs for ground force units will _

always be higher than those shown.

The cost differences between the M-60A1 and the M-60A3 tanks were obtained

from Graves, et al. (1974).

The aircraft cost comparisons made were such that total costs for pilot career 0

training were not needed; incremental costing was sufficient. Bombing system and total

aircraft system costs were applied to the A-7/F-18 comparison, to illuminate the difference
between retrofitting an improved bombing system to an existing aircraft (the A-7) and

replacing the aircraft system entirely, while total aircraft system costs only were applied to 0

the A-10/F-16 comparison.

Costs per flight hour for the aircraft in question were used for training costs of

attack pilots. The costs used were total cost per flying hour including fixed and variable
parts. "he fixed parts are base overhead costs associated with the presence of the aircraft
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whether they fly or not. The variable parts are crew, fuel and some maintenance costs that
vary with flying hours. The variable costs are about 20 percent of the total. However, the
division is somewhat arbitrary, since even the fixed costs will vary with flying hours to the
extent that increasing flying hours bring the aircraft to the end of service life (ESL) more
rapidly. Thus the true cost per flying hour is between the variable cost and the total cost
that was used. For convenience, since the costs were quite close, a variable cost per flying
hour of $1000 was used for all aircraft. For the same reason, A-10 and A-7 total cost per
flight hour were assumed to be the same since the comparisons made would not be
sensitive to any difference.

* In the comparisons between hArdware and training costs in bombing system
replacement, only the variable flight-hour costs were used for the A-7, on the assumption
that the improved bombing system could be retrofit to that aircraft and the fixed flying-hour
costs would not be changed enough by that upgrade alone to affect the cost comparison

* significantly within the level of approximation of the overall analysis. The hardware
upgrade for comparison was taken to be a one-time cost. For the cases where hardware
upgrades in the form of total aircraft system replacement were being compared with training
(the F-16 replacing the A-10 and the F/A-18 replacing the A-7) the total flight-hour cost

* was used for training cost in the comparisons. This would include support cost, and
would therefore be roughly comparable with the aircraft 15-year life-cycle cost ascribed to
the new aircraft. It is believed that system and budget planners would take similar
approaches in the respective cases.

* In all cases where cost differences or absolute costs vere compared, the cost data
available were normalized to FY1989 dollars using the DoD annual inflation factors.3

None of the multi-year cost streams was discounted.

H. DATA QUALITY

The following discussion of the qualities of the performance and cost data used for
individual comparisons shows factors in the data that will have an uncertain effect on the
results of the comparisons, and should therefore be borne in mind.

The platoon-sized armored forces in the REALTRAIN field training exercise were
not the same as those in the available SIMNET exercise, and the similarly sized forces
evaluated in analytical models to compare equipment improvements with training are

S

3 Available from OSD to the IDA Cost Analysis and Rearch Division.
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different from either of the experimental forces. The tanks that were used in the two
experimental cases were not the same. And, finally, the scenarios, terrain and other
physical factors that can affect the outcomes were not the same in any of the data sets

compared-experimental or analytical.

Capabilities achievable through training approach asymptotic values as training
proceeds over long enough periods. The tactical bombing training data used here did cover -
long enough periods to reach the asymptotic value, but the armored combat exercises lasted
only three weeks, which is probably not enough time to approach that value. On the other

hand, long-term career experience probably also affects the rate at which the asymptotic
value is approached in armored combat, as it does in tactical bombing. Nothing is known 0

about the career experience of the personnel involved in the armor training exercises
described in this study.

Similar parameter differences to those in the armor case existed in the attack
bombing cases. It is not known whether the A-7 aircraft used in the experimental 4-

measurement of the variation of bombing accuracy with experience (Mairs, et al., 1986)
were configured in the same way as the aircraft for which bombing accuracy data were
available in "handbook'° form (JMEM). The comparison of A-7 and F/A-18 bombing
systems assumes that the F/A-18 bombing system would perform the same way in the A-7 0

(ff it could be retrofit to that aircraft) as it does in the F/A-18, but in the actual case the
differences in aircraft flying qualities and even cockpit layout would also affect bombing
accuracy of the two aircraft in ways that are not identified here.

The experimental data points are widely scattered in all cases. Sample sizes for the
armored warfare comparisons are small, and although they are larger for the bombing
accuracy cases the pilots in some of the cases were drawn from single squadrons rather
than at random from the entire pilot pool. Trends in the effects sought thus remain

indicative of tendencies in stochastic processes and &wannot yet be considered definitive in all

the cases examined.

The analytical results evaluating hardware performance through tank battle

exchange ratios and bombing system accuracy come from deterministic (rather than Monte
Carlo) models that are not statistical in nature. However, those models describe what are

essentially stochastic processes with an implication of precision that they cannot have.
Thus, stictay speaking, the experimental training and the analytical equipment evaluation
results examined must be considered only partially comparable.
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The cost data include similar uncertainties. In the tank warfare cases, it was
* impossible to find the range or training facility cost that should be ascribed to the exercises

being examined. In the air warfare cases, it is uncertain whether the total relevant costs for
training and for equipment are being incorpomted in the comparisons in a fully consistent
manner. Some training costs tend to be hidden, while equipment costs tend to include total

* life-cycle cost according to well-known cost estimating and accounting procedures.
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M. RESULTS OF SEPARATE EXPLORATIONS

The following discussion will describe the essential, relevant elements of the

experiments and the analyses, the measures of effectiveness (MOE) of interest in the

present context, and the significant results in each case. Intermediate data are described to

the extent necessary to interpret the results.

A. TRAINING

1. REALTRAIN

In the REALTRAIN exercises, one team (reinforced armor platoon), called Team

A, held the field for three weeks, while three other teams, each successively dubbed Team

B, were brought in for a week at a time to fight against themn The teams took turns in

engaging in offensive or defensive combat, and there were also meeting engagements. The

exercises were divided roughly into offense and defense, for half of the engagements, and
meeting engagements, for the other half of the engagements. There were 54 two-sided

exercises in all.

The measures of effectiveness of interest to this analysis (there were others of

* similar character) included tank casualties on each side, and a weighted casualty index

(WCI) that added together all casualties of all kinds of vehicles, and infantry, for each side,

weighting the numbers of casualties of vehicles or troops, as the case might be, according

to a judgmental weighting factor expressing the importance of each casualty element in the

view of the rater (e.g., individual tanks were weighted 35, and individual infantry soldiers

were weighted 1).

Table 2 (taken from ARI, 1976) shows the overall results of the exercises for

Teams A and B, in terms of the WCI for each team at the end of each week. These results

wrap up all kinds of combat (offense, defense, meeting engagement) in all kinds of terrain

in the single output number, which was found to be significant at the 1 percent level (ARI,
1976). The ratio of WCIs for Team A to Team B was 1.03 for week 1, and 0.76 for week

3. That is, Team A, which trained steadiy for the entire three weeks, fought progressively

* better and suffered fewer casualties than the successive Team B's, which were new teams
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each week and trained only for a week, each. The improvement of the experienced Team A

over the fresh Team B's represents a change from an approximately even overall iosn
exchange ratio (LER) in both teams' first week to a 35 percet improvement in overall LER

for Team A by the 3rd week.4 This may be taken to be an effect of training with time.

Table 2. Average WCI for all Exercises by Weeks

Average Weighted Casualty Index (WCl) For AN Exercises by Weeks

Week I Week 2 Week 3
~~. _

A Teams 164 126 119

B Teams 159 J 163 156

The picture changes when casualties are disaggregated according to vehicle and

scenario. 'This was done for tanks, in a search for results more directly comparable with
those from the SIMNET IVIS tests. Table 3 (also taken directly from ARI, 1976) shows

tank casualties by week for Team A and Team B, separately for the teams in offense and
defense. In this case, the LER for Team A in the attack remains approximately the same in
week 3 as in week 1 (loss ratio, A/B, of 1.86 in week 1 and 1.78 in week 3); although

Team A's absolute tank casualties go down, their kills go down as well. In defense,
however, if the data in Table 3 are taken at face value, Team A appears to suffer an
81 percent degradation of LER in week 3 compared with week 1 (loss ratio, A/B for Team

A on defense, 0.32 in week 1 and 0.58 in week 3). In almost all cases, the team in defense
loses less than the team in offense. However, even though Team A, as it gains experience
in defense, exacts more casualties from Team B when the latter is attacking, Team A's
losses in defense go up relatively faster. That is, the team that is getting the longer and

supposedly better training seems to be becoming relatively worse in defense as time goes
by, while conventional wisdom has it that there is a defense advantage (which would

presumably improve with training) in being able to fight from hidden positions.

4 Loss Exchange Ratio is defined as "he nuiwn, of Re4 loAses per =sh Blu 1= and is mkwn bem as the
reciprocal of WCIA/WCIB with Tem A being considerd '1Blue." When Team B is considered "Blue,"
the LER is the reciprol of WCIB/WCIA.
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Table 3. Comparison of Tank Casualties (by Percentage Lost) for Team A and
Team B, Attack/Defense

Comparison of Tank Casualties (By Percentage Lost)
For Team A and Team B, Attack/Defense

Team A Team 8 Team B Team A
(Attacks) (Defends) (Atlacks) (Defends)

Week 1 65% 35% (n4) 47% 15% (n=3)

Week 2 35% 30% (n=4) 4001% 10% (n.4)

- Week 3 48% 27% (n=6) 60% 35% (n=4)

NOTE: On" Is the number of engagements on which the result is based.

* The limited size of the data set must be taken into account in interpreting these data,
and the trend is not smooth by any means. However, the result is counterintuitive, and
merits further exploration.

Table 4 shows the results of Table 3 aggregated in a different way. In this table,
each team's performance on offense and on defense is displayed separately for each of the

three weeks involved in the REALTRAIN exercise. The offense part of Table 4a
corresponds to the defense part of Table 4b in describing Team A's performance in

offense.

It can be seen that on offense the tanks of Team A made progress from Week 1 to
Week 2, and their performance was stronger against the new team they faced in the second
week. Team A appears to have been particularly strong in defense, and dominated both of

* the fresh teams it faced during the first two weeks (even when it was fresh itself, in week

1). However, in the third week, even though Team A was by now well experienced in

combat and it faced an inexperienced Team B, the Team A tank performance was about the
same in offense as its performance had been in its first week, when Team A was

-* inexperienced, while its performance in defense deteriorated seriously. The fresh Team B's

performance in offense in the third week, meantime, was about the same as Team A's had

been during its f'rst week.
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Table 4. Tank Combat Performance of Separate Teams in REALTRAIN

(a) Team A 13 "Blue." LER = Red Killed/Blue Lost

Attacks Defends

Percent Lost LER Percent Lost LER

Week 1 65 .54 15 3.1

Week 2 35 .86 10 4.0

Week3 48 .56 35 1.7

(b) Team B Is "Blue." LER = Red Killed/Blue Lost

Attacki Defends

Percent Lost LER Percent Lost LER

Week 1 47 .32 35 1.85

Week 2 40 .25 30 1.16
I I

Week 3 60 .59 27 1.79

It might be speculated from the results in Table 4 on tank casualties in the

successive battles that with the small samples involved the quality of the tank crews in the

various teams seriously affects the results and masks any time-based learning effects of

Team A armor. Team A tanks may have improved in offense and were very strong in

defense during their first two weeks of encounters, and they improved relative to the fresh

teams during that period. However, they met a tank force as part of the third-week Team B

that was particularly strong--strong enough to overcome the prior two weeks of Team A

training and to hold its own against the more experienced tankers.

If there is any validity to these speculations, the only way to reconcile the differing

separate results for tanks in the offense and defense scenarios with the overall trend in

Team A's favor based on WCI is to suppose that the favorable trend in overall WCI for

Team A a, training progressed comes from the combined arrms aspects of the exercise, and

particularly from the meeting engagements that made up approximately half of the total test

111-4



series. This was indeed the case--the tank LER in meeting engagements shifted smoothly

from approximately even in week I to approximately 2 in Team A's favor during week 3

(ARL 1976, Table 6). Thus, it appears that the effects of several variables are confounded

in the tank results, and those results must be considered equivocal at best.

To obtain a cost estimate for the REALTRAIN exercise,; the participants in

REALTRAIN were estimated from the report to include 36 vehicles and 240 people, or

approximately 4-1/2 percent of the size of the average NTC exercise. By simple

proportionality, as described earlier, the REALTRAIN exercise was thus estimated to cost

$225,000 in FY1989 dollars.

2. Intervehicular Information System (IVIS) Tests

In the MS tests one team, the Blue team, fought against semiautomated Red forces

for the entire three-week period of the tests. That period included two familiarization

"periods: one with the M-1 5 tank and one with the M-1 having simulated Block 1I

equipment; a brief base case test period, in which the Blue force performance with the basic

tank was measured; and the main test period in which the Blue force performance with the

augmented tank was measured. There were 25 test runs, 18 of which provided data

S* describing the runs with the Block H equipment..

Extensive data were taken during all the tests, describing a continuous record with

time of tank position, shots, hits and kills for each tank in a shooter-target scoreboard in

each test (BBN, 1989). The measures of effectiveness that proved of interest in the present

* analysis were the range at which each tank opened fire; the numbers of shots, hits and kills

for each Red and Blue tank (i.e., the same scores wer kept for the serniautomated Red
force as for the manned Blue force); and the delay time, ts, between the first target-shooter

intervisibility in any pair (which could be partial) and the first Blue shot in that pair. The

* time, ts, was taken as a measure related to, but not to be substituted for, crew reaction time,

since the latter could not be measured 6

5 The test report (HQ, DA, 1988) does not indicate whether the tank was originally in the M-1AI
configuration, but that is not important t this discussion.

6 To ease the computation load involved in matching all pairs several times per minute this time was

calculated for each engagement in which there was a shot, by scanning in 5-second increments tmough
a time "window" around the shot-two minutes before and 1/2 minute after, or until the engagement

4 wax over if there was a kill. Events in which there was intervisibility but neither side fired a shot
would have been missed in this pocdure.
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Figures la, b and c show the aggregated output of the IVIS tests in the three
variables of interest (range at opening shot; ts ; and losses per kill), for the overall test

series, plotted against day in the exercise set. (In all cases of IVIS data, each point in a data

plot represents the average output in that variable for all the tanks in the platoon in one
engagement.) No strong trend with time emerges, except that the scatter in the first two

variables increases markedly in about the second half of the exercise period. The loss dama

(Fig. Ic) are so widely scatteted as to discourage the attempt to fit a curve to them; it would
have little meaning.

There is not enough information associated with the data set to suggest reasons for

the widening of the data uncertainty during an interval when it might be expected to
narrow. Possibly, we are seeing the difference between the early familiarization and base

case runs with one version of the tank, and the later runs with the Block-H equipped tank,
where something about the tank, the scenarios or the nature of the later trials led to wider

variation with the added tank equipment than without it. The effects of crews learning
how to use new sets of equipment may well be imbedded in these results. But any

statements about the causes of the observed trend would be pure speculation in this case.
No distinctions among the familiarization runs, the base case, and the Block 11 cases appear

in the data aggregated in this form.7

This lack of clearly discernible trends in the overall data progression suggested that

the results next be disaggregated, and led to exploration of trends in data representing only

the progression with time of the tank with the Block It equipment, and to separation of the

data for offensive and defensive scenarios. (And, it must be remembered that the IVIS
platoons operated against semiautomated Red foces, so that in reviewing the data with the

manned simulator outputs as the basis we are reviewing the Blue performance, only, not
the performance of single teams that alternated in the Red and Blue roles. Since Blue

played both offense and defense, the distinction in comparison with REALTRAIN is not

so great as might first appear.)

S

7 This does not mean that Army analyss learned nothing from the Osts about troop perfonmance with
the Block II equipment, which was the purpose of the tests. The data in that area were based on C2
events and sought. in partly quanitative. partly qualitative ways, to describe how the troops used the
eqwimeoa " and fi.at, to e--lure: whc the eq--pment would be bpf in combat .operatons.
The Army reprt indicates general saisfaEcon with the oMom Of the WIS tm for thbir purposes.
No inference should be drawn from the present malysks of different clements of the same data for a
diffe'et purpose, about the value of the tmsm for ftir intended puposes.
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Figure 2 shows the opening range for the Block II equipped platoon on offense and U
defense; Fig. 3 shows ts for the same conditions; and Fig. 4 shows the corresponding loss
ratio, all plotted against time. Here, some definite trends appear, although the sample size
is so small that the magnitudes and (in one case that will be pointed out) the directions of
the trends should be accepted with caution until much more experimental data are available
to confirm or modify them. It must also be recognized that, since the manned simulator
platoon had previous experience in the simulators, leading up to the Block II tests, the
trends being observed may be those induced by learning with the Block H equipment,
rather than by training in armored engagements per se. This would be consistent with the
change in scatter observed for the overall test, discussed above.

Nevertheless, the trends observed are of sufficient interest that it seems reasonable
to discuss them as providing at least some provisional insights into training effects in small-
unit tank actions, and in the field exercise-simulator network comparison.
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Figure 2 shows that the tank platoon on the attack tends increasingly to hold its fire

-0 Qand to open fire on the defenders at closer range as it gains experience. The defenders,

however, tend to open fire at longer ranges as they gain experience. The delay time data of

Fig. 3 (ts) complement the range data. The platoon on the attack may hold its fire longer,

but the time from first target-shootev- intervisibility to the first Blue shot decreases markedly

with experience. On the other hand, the time increases somewhat with experience for the

platoon on the defensive.

These results appear anomalous. Assuming roughly constant closing speed,

decreasing t& implies earlier target recognition, and if the first shot comes sooner the range

_ Qat the first shot would be expected to increase. Instead, it decreases. Similarly, if ts

increases with training on the defense, this w'vould be expected to go with a reduction of

opening range if. the offense's closing rate is constant. Instead, the openin•, range

increases.

- tIt must be remembered, however, that, unlike the REALTRAIN tests, this was not

a two-sided test. The same platoon was operating in both attack and defense against a

semiautomated Red force. Therefore, the attacker could control his closing rate on attack,

and the defender could control his firing delay but not the attacker's closing rate, on

* defense. The apparently anomalous results can be explained if it is postulated that when on

the attack the platoon closed faster with its opponent as it gained confidence in its tactics

and knowledge of the terrain. If it closed faster the range at first shot could be shorter even

though less time elapsed between first intervisibility and first shot. Similarly, on defense

* the delay time between first intervisibility and first shot could increase at the same time that

opening range to the first shot increased if target recognition came earlier with training. If

recognition came earlier the opening range could increase even if the defenders delayed

their first shot.

Overall, these results suggest that both sides (or, rather, the platoon in manned

simulators in both the offensive and defensive roles) gain confidence as experience with the

equipment increases. When on the attack, they move faster but hold their fire until they get

closer to the enemy; they then open fire with less delay when the the target comes into view

(even recognizing that ts is not the same as reaction time). When on defense, they hold

their fire somewhat longer after the targets come into view, but are able to open fire at

greater mange because they recognize the targets sooner. These contrary trends in opening

range and delay time may indicate that recognition time in terrain becoming increasingly

MI-1 I
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familiar due to repetition, and consciousness of more global relative position advantages
than just range to target, could be hidden variables affecting the results.

In the case of the IVIS tests, there was no way to test the hypotheses about why the
results appeared as they did, because the tests had been completed long before the analysis

described here, and more detailed data about the training effects or the crew reactions

within the combat scenario had simply not been gathered. This is an argument for

conducting experiments specifically designed to examine the training effects, if possible
and affordable, rather than making do with data obtained for other purposes,

The data of Fig. 4, on loss ratio,8 show a phenomenon that may be related to the
tank results of REALTRAIN, in that there were no "clean" and expected trends attributable
to learning as training proceeded: the losses per kill go down with experience when the
platoon is on the offense, but they increase when the platoon is on the defense.
(Intermediate data, not shown for either case, indicate that the number of shots per
engagement does not change much during the exercise; the number of shots is related to the
rate at which the semiautomated Red forces present themselves and fire, and is therefore
not a useful measure of skill growth with experience for these tests. Also, the number of
kills per shot are either constant with time or do not show significant variation that would
affect interpretation of results based on the losses per kill variable.)

Comparison of Figs. 4a (Blue on the offensive) and 4b (Blue on the defensive)
shows that initially the platoon on the defen -ive has much smaller losses than the platoon
on the offensive, and that the latter approaches the performance of the defensive force as
experience is gained. The trend toward greater losses per kill by the defensive platoon is
driven by a single data point showing high losses in one engagement that appears late in the

series; the events surrounding that event are not known, but if its outcome had been in a

range closer to the others then the trend in loss ratio for the platoon on the defensive would

be essentially level.

Thus, it is fair to observe from this limited set of data that the platoon when on the

offensive improves its performance markedly in terms of responsiveness in the battle

situation and increased loss exchange ratio, while when on the defensive it appears to

improve its operational acuity in terms of engagement dynamics but it holds its own at best

8 Note that "loss ratio," used for convenience here, is the reciprocal of "loss exchange ratio" as used in
the REALTRAIN results. That is, loss ratio is los/kill, while loss exchange ratio is kills/loss,
both for the Blue side.
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and it may lose ground in terms of loss exchange ratio. The platoon on the defensive
initially suffers fewer losses per kill than the platoon on the offensive, but the latter

approaches the low loss per kiUl level of the former as it gains experience.

That the platoon on the defensive failed to improve with time, perhaps evn more

than the platoon on the offensive in view of the "defense advantage" of being hidden and
40 having a better opportunity for the first shot, seems counterintuitive, as was noted for the

qualitatively similar REALTRAIN results. Possibly, since the platoon improves in

operational acuity while both on the offensive and the defensive, but more so in the former

than the latter situation, the initially low casualty level on defense allows less room for

* improvement, while the initially much more dangerous offensive operation allows for
greater improvement as the offensive force learns to find the enemy more quickly and to

respond more quickly in ways that enhance its survival and its kill capability.

This explanation is consistent with the data shown, but it must be noted that there is
* no way, in the restricted data set available, to separate any effects of learning in the use of

the Block II equipment that may have been going on at the same time as learning how to
fight with the particular tank. The fact that the scatter in the last half of the data sets in
Figs. 1 and 2 does not decrease with experience suggests that confounding of combat and

- equipment learning effects may be small. Alternatively, the expected period of trial and
error in learning how to use the new equipment may simply not have been fully traversed
during the duration of this exercise.

The costs of the IVIS tests were estimated as described in Chapter II, section G.
From the NTC data, assuming 30 military people assigned to NVIS over a 3-1/2 week
period, the Service personnel costs come to -$7000 for the period, compared with the
estimated $225,000 for the REALTRAIN exercises. (It should be noted, again, that

facilities costs are not included on these estimates. It is not known how the field
test/simulator cost relationship might change if they were. However, the training costs
might still be expected to be lower, since a large (but unknown) fraction of the field test
costs are ascribed to armored vehicle and helicopter movement, not needed for tests with

SIMNET.)

3. A-7 Bombing Accuracy

Scores on bombing accuracy are highly scattered (see, e.g., Fig. 5). and only the

results of statistical analyses (as distinct from simple observation of regression lines or
curves fitted through the data) can say much about underlying trends.
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The A-7 results (Mairs, et al., 1986) are presented mainly in terms of the ouTtpu
parameters of regresion equations or log transformned histograms and scatter diagrams of

.0 miss distance versus diverse experience variables, as illustrated in' Fig. 6, which is
reproduced directly from the reference.9
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Four kinds of bombing are displayed in the data: day/visual in the manual mode;
day/visual with computed impact point; night bombing with computed impact point; and
laydown bombing. By inference from the reference text, the first three are dive bombing

and the last is level bombing. Several experience variables were considered, such as
Bombing Length of Service, Months of Flying, Total Hours, Total Jet Hours, etc.

The detailed outputs from this analysis are complex and are used, in the source
reference, to discuss issues of readiness, of which bombing scores are one indicator. The

"bottom line" of all the comparisons among explanatory variables is that length of service
or career jet hours explain equally well the improvement in bombing scores; there is little
correlation between individual pilot performance in one kind of bombing and another, of
the four examined. Inferences about A-7 training effects for comparison with other data or

with equipment improvements can best be made from the simple statement in the reference
report that the bombing accuracy has an elasticity of -0.2--that is, a 50 percent increase in

lifetime flying hours leads to a 10 percent decrease in miss distance. This includes all the

bombing modes, and does not differentiate performance at the beginning of the career

experience (-300 hours) and at the end of the experience spread (-2000-3000 hrs); some of
the data presented suggest that the point in the career at which elasticity is measured may
change the elasticity.

Unfortunately, the A-7 data are not presented in a form permitting easy comparison
with the A-10 and F-16 data presented next. The "elasticity" figure was used in the present
paper to support the later comparison of A-7 improvement due to training with

improvement due to a shift from the A-7 to the F/A-l8 bombing system. It was estimated,

for example, that a 25 percent improvement in bombing accuracy under certain conditions

would require about 375 additional career flying hours, or an improvement of 75 percent in
accuracy would require about 1125 additional career flying hours, both starting from 300
hours. The cost of the additional career flying hours (a one-time rather than a recurring

cost) was estimated as $9 million or $27 million per squadron in the respective cases, based

on $1000 variable cost per flying hour for the A-7 aircraft. This cost could then be

compared with the cost of the bombing system change, as explained in Chapter 11,

section G. These comparisons will be presented in more detail later.

It should be noted in this context that a starting point of 300 hours is low for

average pilots in a squadron. According to Horowitz (private communication) the average

number of career hours of pilots in a squadron tends to be about 1500, with a median

closer to 1000 hours. The increment of flying hours to achieve the improved bombing skill
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would, by the method used here, then become unreasonably high, as would the cost- This

-0emphasizes the weakness of assuming constant elasticity of accuracy with career hours

throughout the career-hour range, and it also emphasizes the degree of uncermainty in any of
the cost comparisons involving the A-7 aircraft.

4. A-10 and F-16 Bombing Accuracy

The data presented by Cedel and Fuchs (1986) allow more direct visualization of

the relationship between bombing accuracy improvement due to training and that due to

equipment change. Figure 7 (reproduced from Cedel and Fuchs) shows the variation of

* bombing accuracy with mission time (hours of xpoience in fighters) for pilots in an A- 10

and those in an F-16 squadron (and it also illustrates the extent of scatter in the data). For

the moment, the progression with pilot experience is of interest, and it is seen to be about

the same for the two squadrons.

50O a, F16 .Ao10

4

nU 4

20 '4

MISIO TIE N I.t

a 00
4j d

0j 1 C
20 .0

0, 2

* (THOUSANDS)
MISSION TIME IN HOURS

Figure 7. Mission Time versus Bombing Accuracy

M11-17



Figure 8 (reproduced from the same source) shows the predicted variation of

performance with flying hours per month for a squadron using each airmraft, based on a
year's flying data. The curves were obtained from a model of pilot performance,

developed from the data and showing the loss and gain in proficiency as the squadrons

average between 10 and 40 hours per month of flying that includes regular bombing

practice.

Although the curves of Fig. 8 for the two aircraft differ somewhat in shape, their

average slopes and the magnitudes of the changes indicated with practice are roughly the
same. The model and data in Cedel and Fuchs are shown by Hammon and Horowitz

(1989) to imply about a 60 percent improvement in bombing accuracy from career flight
hours, and about 40 percent from recent practice-flight hours per week--for pilots using

the two aircraft. Cedel and Fuchs show, further, that there is a career experience

threshold- 1400 hours for the A- 10 and 900 hours for the F-16--below which pilots do not
significantly improve their bombing accuracy with immediate practice. Above the

threshold, the immediate practice does have an effect on bombing accuracy. From
Figs. 5-7, it seems clear that the 60 percent improvement due to career hours comes early in
a pilot's career; the improvement at that stage could be confounded with general aircraft

familiaization, as well.

The "relative bombing effectiveness" measure in the ordinate of the curves of Fig. 8
is defined as being inversely proportional to the square of miss distance (or CEP). The

accuracy measure at 10 hours would thus be considerably less than that at 40 hours, which,
from the figures, is the base of reference. From these curves and the defined relationship
it was estimated that an increase of flying hours from 10 to 40 hours per month for a
squadron of either aircraft would reduce CEP (i.e., improve accuracy) by a factor of 1.8.

The cost to do this, for a squadron of 24 aircraft, based on flying hours alone (and

assuming the total A- 10 cost per flying hour is the same as that of the A-7) is $0.65 billion

over a 15-year period. The 15-year period is taken as the same period that would be used

in comparison of life-cycle costs of the two aircraft if the force were upgraded from the A-

10 to the F-16 (discussed below).

The results of Mairsm et al. for the A-7 and Cedel and Fuchs for the A-10 and the

F-16 are seen to be inconsistent with each other, in magnitude and in details, although both

.data sets highlight the importance of career flying hours as a variable affecting bombing

accuracy. For this reason they were not combined in the present analysis, but will be

treated separately in exploration of the two research questions posed initially.
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B. HARDWARE

Improvements due to hardware were chosen for comparison with the data on
petformance improvement due to triing partly on the basis of ready availability and partly
on the basis of corrspondence to the training cases desribtd above.

1. Tanks

The tank platoon training case could be complemented by a 1974 analysis of
improvements in main battle tanks (Graves, et al., 1974). This analysis compared
improvements in tanks that were directly comparable with those used in the REALTRAIN

exercises. 10 The main improvements relevant to this comparison consisted of the addition
of main gun stabilization, enabling firing while on the move; the substitution of an
improved fire control computer, and the addition of a night sight. It is not known how
these improvements in the tank might relate to learning effects as expressed in tactics and
operational procedures, but it appears reasonable to make a "zero'th"-order comparison
between the improvements in tank platoon performance derived from increased training
with the original tank and those derived from the equipment performance enhancement
inherent in the improved tank. There would also be training effects with the improved tank;
this issue will be discussed in connection with the overall comparison of results.

The MBT analysis showed that the aggregate measure of effectiveness in platoon-
on-platoon combat against a constanit threat tank, encompassing the LERs for tanks on the

offense and the defense in a variety of terrains, improved 20 percent in the upgrade from
the M-60A1 to the M-60A3. The cost to achieve this upgrade was projected as 10 percent
of the 10-year system cost. Translated into 1989 dollars, the cost of the upgrade for a unit
of 5 tanks would be $2.83 million over 10 years.

2. Improvement From A-7 to F/A-18 Bombing Systems

The hardware part of the traininghardware-imprvemet comparison involving the
A-7E and F/A-18 aircraft was based on the spread of differences between the two aircraft in
day-visual bombing and in radar bombing. The main training parameter used was the -0.2

10 AlthMogh the REALTRAIN repom does not idemtify the tanks actually used by the prtitng unit
in Eurpe, the elapsed time be the analysis of Graves, ct al, an fte REALTRAIN tem (Oct.,
1974-Nov., 1975) maks it very unlikely that the upgrade from the M-60A1 to the M-60A3 reached
opmatioal units in the time interval.
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elasticity of accuracy with career hours given in Mairs, et al (1986), as indicated above

(section A3), which was said to apply to all conditions. The Joint Munitions Effectiveness
Manual shows an overall spread of bombing accuracy differences between the two aircraft

of from about 15 percent to about 75 percent, depending on the bombing conditions. This
spread results mainly from differences in the bombing radar and the bombing computer;, the
F/A-18 bombing system also has night attack equipment, but that did not figure in the
comparison being made.

The cost difference of the radar and bombing computers in the two aircraft

(including the fuze function control set) comes to $690,000 per aircraft, or -$17 million per
* squadron. This way of looking at the cost implies that the new bombing system is simply

fitted to the A-7 aircraft. The comparison between training and hardware improvement in

this case would thus assume that this retrofit could be made and that all other things about

the aircraft were equal--that is, that the flying qualities, cockpit layout, etc., do not affect
-•bombing accuracy.

Another way of looking at the hardware cost would be to consider the difference in
total cost of the two aircraft. This would be more consistent with the A-10/F-16
comparison to be made. The difference in 15-year system costs between a squadron of

* A-7s and F/A-18s is $480 million.

3. A-1O/F-16 Comparison

There are many differences in mission between the A-10 and the F-16 airraft, since

the F-16 is a fighter and an attack bomber while the A-lO is a bomber only. However, the

two are treated here as though all the cost differential between the aircraft should be

attributed to the bombing mission. This implies more cost for the F- 16 as a bomber than is
warranted, since the F-16 can also be used as an interceptor and an air superiority fighter,

while the A-10 cannot.

The curves fitted to the data in Fig. 7, section A4, show that the F-16 is

consistently about twice as accurate a bombing aircraft as the A-10, through the entire range

of pilot mission hours. The difference in 15-year program cost between an A- 10 and an
F-16 squadron is $600 million; this is considered to be the hardware cost of achieving
about a factor of 2 improvement in bombing performance, for comparison with the cost of
achieving about the same result by enhanced training of A-10 pilots. This neglects for the

time being the fact that, according to Cedel and Fuchs, the same training achievement could

111-21



be obtained for the F-16, and it also neglects the important caveat about aircraft mission

differences noted in the previous paragraph.

4. Automated Equipment

While not in the "mainstream" of this investigation, it is worth taking note of some

data that emerged regarding the interaction between automatic equipment and training. At
some point during future explorations of the military value of training it will become

important to consider those interactions (as will be discussed in the next section), and the

data fragments discovered carry implications, as yet weak but worth exploring, about the

influence of equipment design on the extent of training needed to achieve improved unit

skill levels.

The tank data were obtained in an evaluation of the performance in M-60 and M- I
tanks of 1131 7th Army tank crews falling into different mental categories on the Armed

Forces Qualification Test (AFQT) (United States Military Academy, 1984). The

performance measure was equivalent tank kills, which was estimated from numerical
scoring of a series of main gun and machine gun firings by tank crews at the Grafenwoehr,

West Germany test range over the period Jan-June, 1984. Only the tank commander (TC)

and the gunner were included in the rating measure.

The key results of interest here, shown in Table 5, were that while crews of both

tanks i=proved in performance as their AFQT categories increased over the Category IV

base case, the improvement was much smaller in the M- 1 than in the M-60 tank because the

baseline performance in the M- I was much higher to begin with, as shown in Table 6. The

implication is that sophisticated equipment with a higher degree of automation, which

characterizes the M- 1 relative to the M-60, substitutes for a lot of crew capability.

Similar results, more directly applicable to training, have been obtained for the

F/A-18 and the AV-8B in bombing. Figure 9 shows the expected values of bombing

accuracy with career flight hours for the two aircraft in the manual and the automatic

modes, obtained from data such as those illustrated in Fig. 5. Unlike the bombing
accuracy improvements with caree or mission flight hours obtained in the manual bombing

modes for all the aircraft examined, the two aircraft in the automatic mode show the same

level of accuracy across the entire illustrated range of career flight hours, and the accuracy
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Table 5. Percent Increase In Performance
M60
M1

TC Mental Category
Gunner Metal
Category I If IRA 1l1B IV

1 75.17%
18.9%

II 62.84%
16.3%

UIlA 45.9%
12.4%

H E 27.9%
8.0%

IV Base
Case

Table 6. Percent Increase In Performance Due to the M1

•Crew Menta Catea ow

1 II IRA li6 IV

Percent Improvement in +25% +31% +41.43% +55% +84%
Crew Performance

• ~M1 over M60
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level is comparable to the best achievable in the manual mode.11 The implication here, too,

is that sophisticated equipment with a high degree of automation substitutes for an

extensive amount of training.

These results suggest avenues for further consideration in the broader context of

factors affecting the military value of training as compared with the military value of

equipment inprovement.

1 The curves shown in Fig. 9 result from statistical estimation of the parameters of a single equation
descriptive of the entire data set (Hammon and Horowitz, 1989). T&ems were included in the equation
that allow the prediction of different flying-hour effects for manual and automated runs and different
levels of accuracy for each type of aircraft in the sample. The form of the curves is thus derived from
the assumed function underlying the equation. The cau are the expected values of the performance
that emerge from the statistics. Individual regression curves fitted to the bombing performance data of
the separate aircraft show different slopes, and sometimes the interaction between flying hours and the
presence or absence of automation was not as clear as it appears in Fig. 9. Further analysis of these
statistics (such as experimentation with different functions fitted to the data) and the underlying
phenome am needed before the results of Fig. 9 can be acepted as final. Such analysis is under way
as part of a different project at IDA (S. Horowitz. private communication).
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IV. INTEGRATED COMPARISONS AND DISCUSSION

*Q A. PRESENTATION OF OVERALL COMPARISONS AMONG RESULTS

It is now time to put all the results presented above together in a coherent way, and

to evaluate what has been learned from all the fragments of data and information presented

thus far. The results of the above separate analyses are combined and compared in different0
contexts in Tables 7, 8, and 9 for armored combat and tactical air bombing.

1. Tank Combat Comparisons

Table 7 shows the comparison between the REALTRAIN and the SIMNET lYIS

resuits, in terms of the difference in effectiveness outcomes between the two approaches,

and the cost of each. The cost figures are given for single exercises in each medium; as

will be noted further below, the extent of training, in terms of numbers of exercises needed

to obtain the results or to meet the (presumed constant) improved proficiency level due to

hardware advancement, is not known. While REALTRAIN indicated a 35 percent

improvement in overall exchange ratio, the small sample size and the data scatter for the

IVIS tests do not permit any comparable figure to be derived from those tests.

* The two approaches yield similar results in one important respect, namely, that the

difference in learning effects on the outcomes of battle when Blue is on the offense and

when Blue is on the defense are roughly similar. That is, in '. -h cases, the Blue loss ratio

is initially significantly higher when Blue is on the offense Jian when Blue is on the

*• defense. This is not unexpected, since tanks on the offense are exposed and those on the

defense are usually hidden. Blue's operations in detail on the defense may improve but

progression in their loss ratios is equivocal, while the offense's loss ratio declines and

approaches that of the defense as experience is gained.

-• This similarity in an important trend suggests that while the results obtained in the

two media might be found to differ in overall magnitude and in environment-dependent

details if there were comparable data, they nevertheless appear to be qualitively comparable,

and comparative trends in small unit capability move in similar directions in the two media.
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Table 7. Comparison of Field and Simulated Outcomes

Armored Warfare--Platoon-sized Action-Three-Wilek Period

COMPARISON PARAWETERS REALTRAIN (Combinedl arms platon) SIMMET, NIS TESTS (Terik patoon)

EFFETNB4ES MOERed~ ~~ ~ SI. ~ Range opened fire; &im.. Ist Intervis.

from Wtd. Gal Index lk loss ratio G/R. Wic toIi gtlse&kn a
35%OIR S Inrwon~ent ME= o w~, w ofuus fired at shofrw rangea gained

OF InB** avr Blu. losses & kif both en tme delay to fring decreased

~~F0111 oBrl-w ue all gehiedl experience; time delay lacreasMd

___________ .4nt -_______ Bue offense LEAt Inrueased; Blue defense LEA
S T Since Mwo LERt did not chpang n offense, Re lose raw iftllyuch lowe dwl EMUOs

ATIVE & lu ad " inoclav on doe Inference: Offhnse becamne momn aggresseiv
EFFECTS Ipowment In overall WCI miusto cow from and sAlWifu. probabl Ind. lot recognition in liv

meeting angagernoft aid cobie arms trai: t~ifced loss ratm despite *dselnae
________(confirrmed b data)__aenoo

Dom in Wm@ came not dilready comparable; Sarqft t smal lie or d"ng in MOE
RBAAJM(ON DATA ample in eeach R~eA.RAI scenario. emaill, t yiel sodnficantstastlstml

ftw*ug S1DJET Sample comparisons
- Meeting sngagement In REALTRAIN. mos - Ofte not tiakn for vaiaing pwrpooses.
like offene. in SiMET butwtoa~kat Oquipmetnt
- C~ombIne~d arns platoon not same, but*
tanks a's

COSTS COSTS OF Three~week, 24Mde oxewoe by two Three-week SPANET-Osimrds with 5 W16
($ Y")VIT combined-arms platoons (Tank is manned tank aimuistMa to lost

"M660 lmer.Vohb*la Wno. Syst (NIS)

DOLLARS OR S 225 000 doe no f&a find isning $ 7,0W0 sanm basis as REALTRAIN
RATIO facility cost (lawe inibedded in total Army costs

PX~wVM ONOblvined from ratio of fros sizes, nutitiplied by IObtained by sawn method as REALTRAIN
COSTS typical avg. cost for Bde-5lnd exerte at NTC Icosts (NOTE. no veiclde moves involved)

COSTS MO NOT INCLUDE TROO PAY &ALLOWANCES
IN UM~ER CASE

OVERALL OBSERVATIOINS:

1. Ouebltatively similar resuits, fieldw sid ulAsaton
2. Samples too small for quatitatve simlarf t 10 be etftiotml ainlorifiet
3. SIMI*ET coats 1/30 as much as Mai exeria. for simnlar mtest but fixed
facility coas neot Included In slowe cms (not available via swidad accounting

doct~lao of armor as a primarily offensive force
5. Differenc, in tanks and forcen composition could affect comparison of
resutsa but similarities in key areas ore encoouraging

NOTE: For sotuces, see lIsting in compraehenive table In Summray
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The parts of the costs that could be included in the comparison show the simulation to be
much less expensive than field training. The facilities cost comparison between a simulator

facility of fixed, roughly battalion size and a large training range with its ful complement of
facilities and support personnel able to handle brigade-size exercises would seem,

intuitively and pending further investigation, to favor the simulator facility.

* One would not always do simulator training solely to save costs. However, the
cost results, together with the qualitatively similar effectiveness results, do suggest that
when the special penalties of the range and the size force that the range can handle are not
needed, the simulator facility can be used to provide a good deal of useful, economical,

* more controllable training activity. This conclusion is reinforced by the relative ease of
controlling and replicating critical test parameters in the simulator environment, and the
easier measurability of the simulator outputs. In addition, it may take from 12 to 18
months to field prototype equipment needed for field trials, while tests can be performed

* within 3 to 6 months in the SMNET, adding time as an additional factor in favor of the
simulator if the unique qualities of field tests are not needed. This result is not unlike that
obtained for flight training, although the appropriate, relative levels of simulator and actual

field training in the two cases doubtless differ.

0 Table 8 compares the level of improvement and cost in the platoon-size tank battle
outcome due to training and due to tank hardware improvement. These comparisons are
based on the REALTRAIN exercise and on the change from the M-60A1 to the M-60A3
configuration; thus the starting point, a platoon using the M-60A1 tank, is the same in the

- two cases (except for differences in platoon composition).

As can be seen, the improvements in unit capability are roughly of the same
magnitude: the REALTRAIN exercise leads to an overall improvement across the spectrum
of scenarios and combat conditions of about 35 percent in the loss exchange ratio, while the
tank improvement leads to an improvement of about 20 percent. Given the scenario,

model, data source, and force composition differences, agreement within less than a factor
of two must be considered fairly good; certainly, an order of magnitude disagreement
would not have been surprising, under the circumstances. (Of course, any agreement

between the two methods of force improvement must be taken as an observation, not an
expectation. There was no a priori reason to expect any agreement at all; the extent of

agreement or lack of it was implicit in the research questions to be answered.)

__ The outcome of the cost comparison depends on how much training is necessary

and on the impact of the unknown facilities costs. It appears that if most of the training is
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done in the field, even without the facilities costs, and if more than one waining exercise per
year is needed, then the equipment will be less expensive. The ratio would be far different

if much of the training could be done with the simulation network, since the cost for
training, even with several sessions per year, might then be on the order of a tenth as much

as the hardware improvement.

All this begs the question that training would be necessary with the new as well as
the old tank. That issue and its significance will be discussed later, together with a similar

outcome for the tactical air bombing case.

2. Tactical Air Bombing Accuracy Comparisons

Table 9 shows the results of the comparisons made in the case of tactical bombing
accuracy. The results for the A-10/F-16 are more informative because they shed light on

all the factors that "play" in the comparison: career flight hours; recurrent training hours;

and the improvements due to hardware. Both sets of comparisons are instructive regarding

the nature of the comparison problem and the research questions posed initially, however.

The table shows that increasing current flight hours from 10 to 40 per month in
either the A-10 or the F-16 aircraft, with some unknown part of that time devoted to a
bombing practice, leads to just under a factor of 2 improvement of squadron average
bombing accuracy, for pilots with over 1400 mission hours. It also shows that if the
squadron were to change aircraft, from the A-10 to the F-16, it could achieve about a factor

of 2 improvement in overall bombing accuracy for all levels of pilot experience. It is not
known from the experimental data whether these two effects are additive--i.e., whether

shifting to the new aircraft and increasing current training time would improve bombing
accuracy by a factor of 4. The presumption from the data is that it would. But it must be
emphasized that these are average results from widely scattu d dam, so that they would not

predict improvement in any single bombing run of the magnitude illustrated. a
The cost to achieve the improved average accuracy by training or by going to a

better airraft is about the same--on the order of $600 million over a 15-year period. The
training cost is the total flight hour cost of 30 hours per month for a squadron for 15 years,

and the reequipment cost is the 15-year life cycle cost of a squadron of F-16s that would
replace the A-10s.
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Table 8. Comparison of Training and Equipment Outcomes In Armored Warfare
Platoon-Sized Action With MO60 Tanks Over a Three-Week Period

REALTRAIN(Canblnsd urns platoon, 105 To* ngaBgqremwt Ma"s. oornm"w' M60A
O OMPARISC PARAMETRS Winks. assumved M9O.Al barn ime perilod) WMt M6O.43 Wfnk
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Mwr "eovnnt derives frorn MoilndWft nv lncieesed 2D% vs. Red inl going from
* mesing egegenenteMBOI to M50t-A3 (Tark
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9Mje p~g§Qf 4opwg5as cl wjwously over3 QolTinvofl rpuier. nlight sight, shoot

ATIVE weeks, while, now Re pkatoon with less~
EFFECTS trind -P weitea ahwesi

* RB.WUS 4 I~TA -Combat units in ao, caes not dtileoy Comrments In UVanhV wumn applyPaAAFIKS ON DATA oomprble; platoons In REALTRAINM ud EInclode efetiieAND ANALYSES TOW andinfantry squads in APC:. pilaoons In cormpanaooz am In anticipagon of now
Tat* Exchupi.Mdel use tanks. orly equomnwri porfoemano.; training effeabovness
- Though pW*Xwwn not sarne, 0 ik Uwa.w eafte" ae from fied measswetnnts
- Both skides use samu tank in REALTRAIN
ewuiment WAuala use US vs Sov*4 tuNt

COSTS COSTS OF 10-year cost of threeimeelc. 2-sided 10ya 1#*Wdo .dnb@w a
V exurdse by aw o mnblned-anns plmo of.0Asen h n(S 3) M~ platoons, I rne pa eror 4 t~mes M60-A3$

per yew ("ag cat not Included)
DOULAM OR 122 w u f rns per yew $. Mron

RATIO 0.0 Mk 14 es per year

RBAEURKS ON Obandtrmrf of~ Joc sls "mAtiled by - - - - - -
CO4TS typa amg. cost for Ode-alaed exercise at NMC

COSs wTS 0NIWcLuxE TROO PA aALLowANCE
IN MMhE CAME

OVERAU.L OBSERVATIONS:
1. Irnprovemnent in eff1ectiveness measure due I* Irvinhig: 0.1WmIS" on KIome Valning esalonlri~srI sufficient foe tl
eetmntfon; 0.o~rnilon if four esuions~y ame needed.
2. Improvemnent of equipmentefeactivenffes nusae Is searmatid to be .l4/hllion. before acquisition of now Wink.
3. Mew eqlu~pment would require tiulMu also.
4. Perionnarms Irnprovemasit with now eqluoipent unMwn.f
S. Degree of training needed In both cass unknown.
a. Towa huprovemean vith now ecluipmmnwa oud be funclon of equipment and vob~lngIprovermens: degree to which
additdve. unkrxown.
7. But training with old equiprrwnt could givs oughly simila results to eqiuipment Inmpwr*vmet un Otcl cassed by enemy
equipmnt im"Provemfents.
8. CONCLUSION: Equipmenifirsnln trade-offs appear feasube but must be done judlclusly,; insufficient dam avealulae
asyet tDFdecide hour

NOTE: For sources, see Doting in ablehniv ie In Surnmery.
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The A-7//FIA- 18 comparison is less informative by itself because the training da.a

are much more sketchy and the aircraft hardware comparisons are not based. on

experimental results as are the comparisons for the other two aircrafL However, they allow
us to build on the A-10/F-16 results to gain further insights into the nature of the

comparisons that must ultimately be made.

.* According to the available A-7 data, it would cost much more to achieve the

maximum improvement in bombing accuracy by increasing career flight hours than it
would cost to improve the bombing system. However, if improving the bombing system

alone were not enough, because aircraft flying qualities were important and the A-7 could

* not be retrofitted with the F/A-18 bombing system, so that one would have to change the

entire aircraft system (the comparable case to shifting from the A-10 to the F-16), then the

hardwareltraining cost relationship would reverse: it would cost significantly more to

achieve the levels of improvement shown by shifting to the more capable aircraft than by
* training. Note, however, that the training data being compared relate to career hours rather

than to current flight hours and bombing practice. If it could be assumed that the
Simprovement with current practice would be about the same for the A/7 as for the A/10,

then the total cost to achieve and maintain the 75 percent or so improvement of proficiency

* •with the A-7 by training would become roughly comparable to the cost of going from the

A-7 to the F/A- 18 aircraft

Overall, these results suggest (not yet very strongly, because the data are so meager

and not presented in comparable form or conditions in the sources) that improving avionics

-•to achieve bombing accuracy improvements may be significantly less expensive than

simply doing more training with inferior avionics, but that if the entire aircraft system must

be improved by acquisition of a more modem aircraft then the costs of training or of the
hardware improvements may be comparable, and more expensive by a wide margin than

* changing the avionics.

The improvement in capability illustrated by the A-7//F/A-18 hardware comparison

is not quite as large, at best, as the improvement shown by the A-lO/F-16 comparison.
First, the data sources are different, the former being analytical and the latter being

experimental; and second, there are no A-7 data showing improvement with current training

that can be compared with the A-10 and the F-16.

The large range of possible improvement between the A-7 and the F/A- 18 that was

* • obtained analytically is of interest, however. The top end of the range for the F/A-18

shows potential improvement roughly comparable to that for the A-1O and F-16, but at
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other conditions the potential improvement is much smaller. Such a phenomenon could be

acting in the A- 10/F- 16 case as well; the reference indicates that all the data for the two
arcraft were obtained under the same bombing conditions-low-angle dive bombing with
low-drag bombs. The A-7//F/A- 18 range of results determined analytically cover the entire

spectrum of delivery tactics and weapons, from day-visual dive bombing to level radar

bombing at night, with conventional, low drag, and retarded bombs. The maximum and

minimum improvements do not necessarily correlate with bombing scenarios or conditions,

but day-visual bombing (the A-10/F-16 case) requires the most pilot skill and would

therefore show the greatest improvement with training. It is possible that over the broad
range of tactics and weapons the A-10/F-16 comparison would show a similar range of

variability to that in the comparison between the A-7 and the F/A-18 (but note: the A-10

does not have a radar bombing system, although the A-7 does).

B. DISCUSSION OF OVERALL RESULTS

1. Research Question 1: Magnitude of Improvement and Military Value

1. Can realistic, quantitative values for unit training effectiveness be determined
that would lend credibility to model-based calculation of the military value of
training expenditures?

The results of this analysis show that training yields quantifiable improvements in
performance, in the areas of warfare examined. The magnitude is sizeable, especially in the

case of tactical bombing, but does not appear to offer a decisive change in the military
balance as the latter was assessed in the earlier work (Deitchman, 1988).

The comparison of tank combat capability improvement with either training or with
hardware improvement (Table 7) shows that the performance of a platoon-sized tank force

can be improved on the order of 20-35 percent. The higher end of the range is the field
training result. but the tank platoon in that case was augmented by infantry and anti-tank

weapons. Thus, it is not known whether the greater improvement in unit performance in

the training case over the hardware improvement case comes from the difference in unit

composition ("pure" armor versus combined arms) or from the fact that the analytical model

used for the hardware comparison does not capture some unknown but very important

human factors effects that are reflected in the training data. It is also not known whether a

certain amount of improvement in the performance of all platoons might be magnified into

a larger performance increase of companies, battalions or brigades in which the platoons
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would be imbedded. At any rate, the samples are too small to suggest more than the

general order of magnitude of the change in the two cases.

Figure 10 reproduces the results of IDA Paper P-2094 (Deitchman, 1988) that

show the impact of improvement in armored force performance on the outcome of the war

played in the TACWAR modeL It can be seen that an improvement of 20-35 percent would

_ have little impact on the ultimate result. To achieve the necessary factor of 2 or more

improvement in armor capability, one would have to shift from the M-60 series to the M-1

series of tanks; other analytic studies show that much improvement or more in moving

from the older to the newer tank (a quantitative experimental comparison of unit

* •performance with the two tanks on terms comparable with those in this review has not yet

been found, and may not exist).

Training would still be necessary to achieve unit proficiency in fighting with the

M-1 tank. The results in the U.S. Military Academy (1984) report suggest that the high

-- level of automation in the M- 1 tank might lead to a lower overall requirement for time and

effort devoted to proficiency training for individuals, but that would not necessarily extend

to the aspects of performance that characterize unit operations on the battlefield.

The most important additional result applicable to the military value of training that

this exploration has elicited is the indication that tank platoons on the offense greatly

improve their loss exchange ratios as training over a three-week period proceeds, and

gradually approach the higher level of exchange ratio achievable from the start by the

defense. There is the further indication that this value of unit training can be achieved at

significantly less expense by performing most of the training in a simulator network like

SIMNET.

Figure 11 reproduces the results of the earlier exploration (Deitchmnan, 1988) for the

.• case of improvement in tactical air-to-ground warfare. It can be seen that a factor of 2

improvement in bombing effectiveness (shown by Table 9 to be potentially achievable

through training or hardware improvement) can make a noticeable difference in the

outcome, but that to reverse the outcome of the war in the TACWAR model this bombing

: • effectiveness improvement must be accompanied by a factor of two improvement in aircraft

survivability. No experimental data were found during this exploration that showed the

impact of training on combat survivability in TACAIR (ability to avoid being shot down by

air defenses while delivering weapons). However, the circumstances of the data described

here are not encouraging.
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The factor• tf two x e improvement in bombing accuracy for the A- 10 or

the F- 16 was acjtved in shallow dive bombing, a tactic that maximizes exposure to the

defenses. It is not ]nown whether the additional factor of 2 in effectivenes that would be
achieved by shiffbq to the F-16 from the A-10 airmraft would have an effect on the war

equivalent to achiving a factor of two in added survivability; it might not, because

survivability is reflected in sorties flown, which impacts the outcome of the war differently

than pure effectieness change. Exposure to defenses could be reduced through level

radar bombing or toss bombing, and under the appropriate circumstances the combination

of effectiveness aA, survivability improvement in that kind of bombing could be achieved
through some combination of training and avionics change or total aircraft system change.
However, radar std toss bombing are significantly less accurate than day-visual dive

bombing, so that gains in survivability might come at the operational cost of reduced
overall effectivenie in bombing.

* As in the tank case, training would be required with any of the equipment, and there
is a suggestion ii the TACAIR data examined, as for the tank case, that the training

requirement with tWe new equipment could be reduced if the new equipment had more

automatic features an the old.

2. Research (Itestion 2: Hardware-Training Trade-offs

2. Is it Oesible to trade off expenditures for training against those for hardware
designed to achieve similar effects in combat, i.e., to improve force capability?

* The previcAM discussion, for both the individual and the combined cases, has

ahready indicated nrich of what can be learned from the present exploration about the trade-
offs between harcivare and training to improve unit performance. Some further insights

can be drawn frot% looking at those results in the aggregate.

* Overall, it appeas from the combination of both the tank and the aircraft results

examined thus far Cand the caveats about the quality and completeness of the data must

always be kept in view) that the magnitudes of improvement in unit performance that the

TACWAR model idicated would be necessary to reverse the course of the war will be
.9 difficult to achiet• tbrough training alone. Hardware improvement and training together

will be needed, au even then it will be difficult. The needed factor impovements appear
to be there powtially, but it must be noted that the other side will also have such

improvements available to it from similar sources, so that gains by one side will be offset

*@ by comparable galins, of unknown magnitude, on the other.
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Also, none of this bears on force size as yet; force size may be the larest factor
affecting the outcome of the war in a model like TACWAR with the improvemes in unit
and equipment effectiveness that the current exploration suggests may be achiev-wble. But
the cost structure of force size changes for similar effectiveness changes may be quite

different from those examined here, depending on the kind of force under consideradon.
Force size was not considered in this analysis, but it must be evaluated in this context

eventually.

A further observation engendered by these results, obvious when it is statd but not

so obvious a priori, is that training is needed with new as well as with existing eqipment,
and this changes the way the equipment/training trade-off question must be formdated. The

issue is not whether, as was stated in Deitchman (1988), funds at the margin shculd be put
into improvement in training or equipment. Both contribute to force improvemuent, and
both are needed.

The proper way to view the training/equipment trade-off at the margin is to break it
into parts:

_ Frm to ascertain how much training will be needed to maximize performance
with either current or new equipment, and

Next. to decide at what point training has carried the force as far as it cao go,
so that equipment and force size change will be necessary to carry it huather.

Funding must then be allocated among the different purposes. The trade-off to
make at the margin is thus to allocate enough resources to training to make the best of the
existing forces, and then to allocate funds to improve the forces' equipment and/or to

change their size. More often, we allocate funds the other way: we improve equipment on
some regular renewal cycle; we change force size when driven by external events; and we

allocate funds to training from the residual if they are available.

Actually, although the above steps present the trade-offs in outline in teors of the
stark parametrs, the trade-offs must be followed through multiple system and foxce design
and operating points until a satisfactory mix of training, hardware and force size

expenditures is reached. Hopefully, the variation of capability with expendit=ue at the

margins will be flat enough to permit flexibility in resource allocation, since not enough is
likely to be known about the interaction among the training, the hardware and the force size

effects to permit a firm "optimur" to be sought. The "optimum" would probably' vary with
specific equipment and type of warfare, in any case.
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The current analysis leads to some insights that can inform the trade-off decision,
particularly in helping to decide the level of rewsources required in each case; given the
nature of the data, these must as yet be considered hypotheses to be testedt

First, that the improvements achievable either with system upgrades or with
enhanced training, in the armor and the TACAIR attack areas, may in many
cases be of roughly comparable, magnitude;

"" Second, that the enhanced trainidng and the equipment changes may in particular
cases be of comparable cost;

" Third, that in some cases (e.g., a hypothetcal improvement of bombing
avionics, in the present case) the equipment change may be of significantly

* lesser cost than the enhanced training to achieve the same result, and that the
potential for such gains should be sought out on a case-by-case basis.

Fourth, that more automatic modes in new systems may well reduce thc.
requirement for individual proficiency training, freeing resources for more unit

* training;

Fifth, that the use of networked, manned simulators in some combination with
field training can significantly reduce the cost of unit training; and

Sixth, that the capability of larger forces that are not as well trained should be
* compared with that of smaller forces that are better trained, in models like

TACWAIR to complete the assessment of the most effective ways to spend
resources to improve military capability overall

An additional observation, relaxed to the issue of equipment renewal, is that one
* cannot compare the improvements from equipment and training directly when the two

achieve different things. Thus, for example, if a change in bombing avionics or tank
subsystems allows fighting at night where that was not possible before, then no amount of
training can provide that capability and there is little point in seeking the results from

* training that the new equipment can offer. On the other hand, fighting at night might be
made possible by simple equipment agmentations, like flares over the battlefield. In that
case, significant investment in training may be necessary to capitalize on the cheap
equipment extension. This is simply to say that training/equipment trade-offs must be

_ •made in a context within which both fit, and that unique contributions of each must be

accounted for separately.

A further point is that impwovemeit in force capability derived from training and
from equipment improvement are obtained on different time scales. For the short term

* (Le., a year or two), training may be the only available source of improvement. Except
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under crash conditions in wartime (and ofien, even then), depending on the dhcI m =
and magnitude of the change, equipment improvements can take five years or more for
subsystem changes, and up to 12 to 20 years for major system changes. Force size
inmas will have still different time scales of magnitud between those of ictsd
taining for existing forc and recquipping ths forces. The time to expand forces is
composed of the time necessary to recruit personnel, procure their equipment, and train
them in the use of the equipment and in operation as forces. All this indicates that time
scales of change must also enter the algorithms encompassing the three sources of force
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V. CONCLUSIONS AND DIRECTIONS FOR
FUTURE EXPLORATION

"A. OVERALL CONCLUSIONS

The following conclusions may be drawn about the problem of quantifying the
military value of training for system acquisition and resource allocation decision purposes:

1. It appears possible to quantify the military value of training, but data bearing
directly on the relationships of interest will have to be gathered through trials
designed explicitly for the purpose. The duration of the trials should be long
enough to indicate the asymptotic value of capability achievable through

- Mtraining. Resource availability may determine the thoroughness of the feasible
experimentation, however, so that ad hoc opportunities to take advantage of
existing data should not be foregone.

2. Experimental data about the impact of training on unit effectiveness gathered
under controlled conditions in simulator networks like SIMNET will be useful
in quantifying the military value of training, and they will be better controlled
and less expensive than field exercises. Results from field exercises will offer
insights into some aspects of unit operational training that may not be available
from the simulator environment. Assessment of both kinds of results will

* •involve speculative elements based on qualitative judgment as well as
quantitative comparisons.

3. Some of the data suggest that more automatic modes in'new systems may
reduce the requirement for individual proficiency training, freeing resources for
more unit training. The experimental data needed to quantify the military value

* •of training must include attention to the interactions of equipment design with
unit proficiency, including especially the impact, if any, of extensive system
automation on unit, as distinguished from individual, training effectiveness.

4. It will not be easy to achieve the degree of improvement in unit capability that
• the initial exploration in this series indicated would be necessary to reverse the

negative outcome of the NATO Central Region war modeled. Elements of
training and equipment improvement and replacement will have to be combined
to have any chance of achieving such results.

5. The cases explored suggest that either training or equipment improvement for
specific military tasks produce effects on force effectiveness that are roughly
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comparable in magnitude. Depending on the cost elements included, training or
equipment improvement may be either comparable in cost or else training tends
to cost less-sometimes considerably less. Other cases than those examined
here may show a different balance. In addition, force size changes to achieve
similar effects and the resources that would be required would have to figure in
such assessments. Regardless of how the cost and performance comparisons
may vary when explored in more detail, it is apparent that algorithms for
allocation of resources among training, equipment improvement and force size
must be devised to seek the most efficient resource allocation among the
available approaches to force improvement. Such algorithms are not currently
used in cost-effectiveness analyses of new systems.

B. NEXT STEPS

The next steps in exploration of the military value of training follow directly from
the discussion and conclusions above. In all cases, the areas of armored combat and
tactical air-to-ground attack should continue to be the ones explored. There are several

reasons for this. The first is that the earlier analysis of military value showed that these two
areas hold the key to major changes in the outcome of a battle or a war. The second is that
the Services, recognizing that fact, devote a great deal of training and equipment resources

to these areas of milita-y activity. This includes experimental activity involving both field

exercises, which are now coming to have large components of quantitative measurement,
and simulation with more than single platform units. This, in turn, generates experimental

data that at least implicitly show how unit effectiveness changes with practice and that
might be exploited for analytical purposes. Finally, the resource expenditures in the two
areas combined represent a significant enough fraction of the general purpose forces budget

that any useful results can have a large impact on how that budget is spent.

Within these two areas, the outcome of the current explorations suggests the
following next steps for further exploration into the problem of quantifying the military

value of training:

A much more thorough data exploration, including but not limited to past work
at SIMNET and field exercises like those at the NTC and at Red Flag, (a) to
define the nature of the experimental data available, and the problems of access
to and manipulation of the data for analytical purposes, and (b) to see what
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more can be learned about the effects of exercises and training on unit
performance;11

• Enlist the Services' interest and help in designing and carrying out relevant
trials at SIMNET and available, analogous USAF and USN simulator
complexes, to shed light on the ultimate capabilities training can develop with
specific equipment levels and terts, on the feasibility of extending results from

_ •"pure" to combined arms units and from small to larger units, and to explore
training-equipment interactions with special attention to the impact of
automated combat subsystems in individual platforms on unit performance.

These trials should also explore whether and how exercise and simulation data
gathered at low levels of military organization, such as platoon or flight levels,
aggregate to describe performance of units at higher levels of organization,
such as battalion or squadron levels.

. Use the data gathered above to devise resource allocation algorithms
incorporating both training and equipment effectiveness parameters.

• Experiment with the algorithms using warfare simulation models such as are
used by the DoD for budget planning and evaluation purposes, to explore the
algorithms' ranges of utility and how they might affect resource allocation in
the Department of Defense. These explorations would include subjecting the
results to military judgment, to ascertain whether the aggregation from
organization levels such as platoons and battalions to divisions and armies
appears to give reasonable results.

I In this connection, ongoing work that was not in sufficiently well-developed form to enter this analysis
has been brought to the author's attention during the review of this report (S. Horowitz, private
communication). The work, which is likely to be available to inform subsequent analyses along the
same lines, includes ongoing evaluations of SAC crew proficiency improvement with flying hours;
data and analyses beginning to emerge from the NTC; and analyses, being performed by Hammon and

*• Horowitz based on Navy data, of the relationship between aircmw flying hoeus and fighter kills in aerial
combat.
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